We have reported that soybean milk is an excellent source for increasing bone mineral density (BMD) and mechanical bone strength. However, it is not known what kind of components in soybean milk affect bone metabolism. Consequently, the purpose of this study is to fi nd the effective components in soybean milk on bone metabolism. It might be some peptide in soybean milk. Therefore, in this study the soybean milk was separated into two different preparations according to molecular weight: a high-molecular-weight soybean milk, and a low molecular-weight soybean milk. Then, the effect of the peptides in soybean milk on bone metabolism was examined. After producing the experimental osteoporotic model rats, they were divided into four groups. The BMD and the mechanical bone strength of the three experimental groups, whose diet contained a soybean milk, a high-molecular soybean milk, or a low-molecular soybean milk (soybean milk peptide) were significantly higher than those of the control group. Moreover, the intestinal Ca absorption for the three experimental groups was significant ly increased. From these results, the peptides in the soybean milk are effective for the acceleration of the intestinal Ca absorption. It is possible to assume that the mechanism for increasing the BMD and the mechan ical strength in the three experimental groups was due to increasing the intestinal Ca absorption by alimenting the soybean milk, the high molecular soybean milk or the low-molecular soybean milk. Key Words osteoporosis, soybean milk, soybean milk peptide, intestinal calcium absorption, bone mineral density, mechanical bone strength Soybean is well known as being an excellent source of protein, as well as minerals. Soybean and/or soybean products are popular in Japanese diet and particularly, many elderly Japanese people favor the taste, texture, and flavor. Calcium (Ca) intake of the ordinary Japanese had never been sufficient according to the national nutrition survey performed in 1992 (1). An inadequate intake of calcium is one of the risk factors for osteoporosis (2). Although milk is an excellent calcium source (3), some elderly Japanese are not used to drinking milk, and some have a lactase intolerance. This makes it more difficult for the elderly to have the correct amount of Ca intake. Since the soybean and the soybean products have been proved to contain Ca as high as one third of Ca in milk (4), soybean products could be a good source of Ca. We have reported that soybean milk is an excellent source for incerasing bone mineral density (BMD) and mechanical bone strength (5). However, the mechanism of increasing the BMD and the mechanical bone strength by alimenting the soybean milk is unclear. There are some reports that some peptides, such as a casein-derived phosphopeptide (CPP) (6), a peptide present in bovine bone (7), and globin preparation (8), enhance the intestinal Ca absorption and affect the bone metabolism. It is possible to assume that the mechanism for increasing the BMD and the bone strength in the soybean milk-fed rats is due to an acceleration of the intestinal Ca absorption by some peptides in soybean milk in aliment. Consequently, the purpose of this study is to examine whether the peptides in soybean milk affect the intestinal Ca absorption, the BMD, and the bone strength. Therefore, in this study the soybean milk was separated into two different preparations according to molecular weight: a high-molecular-weight soybean milk and a low-molecular-weight soybean milk. Then, the effect of soybean milk, high-molecular-weight soybean milk, and low-molecular-weight soybean milk on the BMD, the mechanical bone strength, and the intestinal Ca absorption was examined. Materials and methods. Experimental protocol: Six-week-old SD-strain female rats were used. The number of rats in this study was 31. All of the rats were ovariectomized and were fed on a low calcium diet for 29 days to induce the osteoporotic model. The low calcium diet contained 0.01% calcium (Ca), 0.3% phoshporus (P), and 18.0% casein. The composition of the low calcium diet is shown in Table 1 . After 29 days, the rats were divided into four groups. The rats in each group were fed on each different diet for 28 days: a control casein diet (control), a soybean milk (SBM) diet, a high-molecular soybean milk (HSBM) diet, and a low-molecular soybean milk (LSBM) diet. In all four diets, the Ca, P, protein, and lipid contents were identical. These diets contained 0.3% Ca, 0.3% P, and 18.0% protein. However, the protein source was different. The protein source for the control casein diet was casein only. Casein is a well-known protein source for animal experiments. In the other three different diets, the protein source of each diet was the casein and the soybean milk or the soybean milk preparations. The purpose of this study was to evaluate the effective components in the soybean milk. Therefore, the soybean milk was separated into two different molecular weight preparations by using NTU-3250-CIR filter (Nito Electric Co.), as shown in Fig. 1 . Then the soybean milk and the two soybean milk preparations were lyophilized. The molecular weight of the HSBM powder was estimated as larger than 6,000 with J. Nutr. Sci. Vitaminol.
Calcium (Ca) intake of the ordinary Japanese had never been sufficient according to the national nutrition survey performed in 1992 (1) . An inadequate intake of calcium is one of the risk factors for osteoporosis (2) . Although milk is an excellent calcium source (3), some elderly Japanese are not used to drinking milk, and some have a lactase intolerance. This makes it more difficult for the elderly to have the correct amount of Ca intake. Since the soybean and the soybean products have been proved to contain Ca as high as one third of Ca in milk (4) , soybean products could be a good source of Ca. We have reported that soybean milk is an excellent source for incerasing bone mineral density (BMD) and mechanical bone strength (5) . However, the mechanism of increasing the BMD and the mechanical bone strength by alimenting the soybean milk is unclear. There are some reports that some peptides, such as a casein-derived phosphopeptide (CPP) (6) , a peptide present in bovine bone (7) , and globin preparation (8) , enhance the intestinal Ca absorption and affect the bone metabolism. It is possible to assume that the mechanism for increasing the BMD and the bone strength in the soybean milk-fed rats is due to an acceleration of the intestinal Ca absorption by some peptides in soybean milk in aliment. Consequently, the purpose of this study is to examine whether the peptides in soybean milk affect the intestinal Ca absorption, the BMD, and the bone strength. Therefore, in this study the soybean milk was separated into two different preparations according to molecular weight: a high-molecular-weight soybean milk and a low-molecular-weight soybean milk. Then, the effect of soybean milk, high-molecular-weight soybean milk, and low-molecular-weight soybean milk on the BMD, the mechanical bone strength, and the intestinal Ca absorption was examined.
Materials and methods. Experimental protocol: Six-week-old SD-strain female rats were used. The number of rats in this study was 31. All of the rats were ovariectomized and were fed on a low calcium diet for 29 days to induce the osteoporotic model. The low calcium diet contained 0.01% calcium (Ca), 0.3% phoshporus (P), and 18.0% casein. The composition of the low calcium diet is shown in Table 1 . After 29 days, the rats were divided into four groups. The rats in each group were fed on each different diet for 28 days: a control casein diet (control), a soybean milk (SBM) diet, a high-molecular soybean milk (HSBM) diet, and a low-molecular soybean milk (LSBM) diet. In all four diets, the Ca, P, protein, and lipid contents were identical. These diets contained 0.3% Ca, 0.3% P, and 18.0% protein. However, the protein source was different. The protein source for the control casein diet was casein only. Casein is a well-known protein source for animal experiments. In the other three different diets, the protein source of each diet was the casein and the soybean milk or the soybean milk preparations. The purpose of this study was to evaluate the effective components in the soybean milk. Therefore, the soybean milk was separated into two different molecular weight preparations by using NTU-3250-CIR filter (Nito Electric Co.), as shown in Fig. 1 . Then the soybean milk and the two soybean milk preparations were lyophilized. The molecular weight of the HSBM powder was estimated as larger than 6,000 with The serum Ca was measured by atomic absorption spectrophotometry (using Shimadzu's AA-640-120 atomic absorption spectrophotometer), P by the Fiske -Subba Row method (9) , and the total-protein by the biuret method (10) .
Measurement of bone mineral density: At the dissection, the lumbar spines and the right and left tibial bones were isolated. All the muscles and connective tissues were carefully removed. Thereafter the bone mineral density (BMD) of the fourth and fifth lumbar vertebrae (L4 and L5) and the tibial proximal metaphysis and diaphysis was examined using a Dual X-ray Absorptiometry (DXA; Hologic's QDR-1000 X-ray bone densitometer) as previously reported (8, 11) . In compari son with the BMD of a human, the BMD of a small animal such as a rat is remarkably low in density. Therefore all scans were performed in the ultra high resolution scan mode (rat mode, Version 2.0 software), which is 0.0254cm of the line spacing and 0.0127cm of the point resolution (normally it is 0.1003cm of the line spacing and 0.0965cm of the point resolution concentrations of each diet (the Control diet, 0.294%; the SBM diet, 0.310%; the HSBM diet, 0.307%; the LSBM diet, 0.307%), the fecal Ca and the urinary Ca excretions.
Statistical method: The t-test was used to analyze the differences between the control group and the other three groups within each parameter. A p<0.05 was considered statistically significant.
Results. The body weight gain, the food intake, and the food efficiency are shown in Table 3 . The body weight gain of the HSBM group was significantly higher than that of the control group. However, the food intake was the same as the control group. Consequently the food efficiency for the HSBM group was significantly higher than that of the control group. Between the control group and the SBM group, and between the control group and the LSBM group, there was no significant difference in the body weight gain, food intake, and food efficiency. It should be pointed out that the food intake for each group was identical, in spite of the fact that the rats were allowed free access to food, in this study. There was no difference in the levels of serum Ca, P, and total-protein among the four groups (data were not shown).
The BMDs of lumbar spine, tibial proximal metaphysis, and tibial diaphysis are shown in Fig. 2 . For the experimental group, such as the SBM, the HSBM, and the LSBM groups, the BMDs in all the sites were significantly greater than those of the control group.
The mechanical strength of the femur is shown in Fig. 3 . In this study, the breaking force and breaking energy were measured. The breaking force of the SBM, the HSBM, and the LSBM groups were significantly greater than that of the control group. Compared with the control group, the breaking energy was significantly greater in the HSBM group and tended to be higher for the SBM and the LSBM groups.
As shown in Table 4 , the Ca and P contents in the femur of the experimental groups (the SBM, the HSBM, and the LSBM groups) were significantly higher than those of the control group.
The intestinal Ca absorption rate of the three experimental groups tended to be and left tibias of each rat were isolated. After removing the muscle and connective tissue, the bone mineral density (BMD) of the lumbar spine and the tibiae, was measured using the dual X-ray absorptiometry (DXA). The upper part of this graph shows the BMD of the lumbar spine, the middle part shows the BMD of the tibial proximal metaphysis, and the lower part shows the BMD of the tibial diaphysis. In all sites, the BMDs of the three experimental groups were significantly greater than those of the control group. Cont., control diet group; SBM, soybean milk diet group; HSBM, high-molecular soybean milk diet group; LSBM, low-molecular soybean milk diet group. Significant difference from the control group: * p<0.05, **p<0.01, ***p<0.001.
higher or was significantly higher in the II and III phases, as shown in Fig. 4 . Moreover, the Ca accumulation for the three experimental groups was significantly higher or slightly higher than that of the control group in the experimental diets period (data were not shown). Discussion. It is a known fact that intestinal Ca absorption is influenced by different types of Ca salts (13) , and by other various food components (14, 15) . It has been reported that the CPP (6), the peptide present in bovine bone (7) , and the globin preparation (8) accelerate intestinal Ca absorption. In our previous study, soybean milk was found to be effective for increasing BMD and mechanical bone strength, and to enhance intestinal Ca absorption (5) . However, the nature of the Fig. 3 effective component in the soybean milk is unknown. Therefore, in order to find the effective component in soybean milk, the soybean milk was separated into two preparations according to the molecular weight -a high-molecular-weight soybean milk, and a low-molecular-weight soybean milk including soybean milk peptides and the effects of soybean milk and soybean milk preparations on BMD, bone strength, and Ca balance were compared. In this study, the BMD of the lumber spine and the tibial proximal metaphysis in the SBM, the HSBM, and the LSBM groups were shown to be significantly greater than those of the control osteoporotic model rats. These sites -lumbar vertebrae and metaphysis of long bone, such as tibial proximal metaphysis-consist mainly of trabecular bone in which bone metabolism is much faster than in cortical bone (16) . It is important to point out that the BMD and the bone strength in the In the experimental diets period, three balance studies were carried out to examine the intestinal calcium (Ca) absorption. Phase I was carried out the first 2 days in the experimental diets period. Phase II was carried out for 2 days in the middle of the experimental diets period. And, phase III was done during the last 2 days of this experiment. The Ca intake, the fecal Ca excretion, and the urinary Ca excretion were measured. Then, the intestinal Ca absorption was calculated. The Ca absorption in each phase of the three experimental groups was significantly increased or had a tendency to be increased by alimentary soybean milk or soybean milk preparations. Cont., control diet group; SBM, soybean milk diet group; HSBM, high-molecular soybean milk diet group; LSBM, low-molecular soybean milk diet group. Significant difference from the control group: *p<0.05, **p<0.01.
cortical bone sites, such as tibial diaphysis and femoral diaphysis, of the SBM, the HSBM, and the LSBM groups were also shown to be significantly higher or had a tendency to be higher than those of the control group. These results suggest that the soybean milk and the soybean milk preparations including the soybean milk peptides are thought to be effective dietary sources for increasing the BMD and the bone strength in trabecular and cortical bones. Furthermore, in this study the intestinal Ca absorption and the Ca accumulation were significantly elevated as a result of the soybean milk or the soybean milk preparations consumption. Some oligosaccharides, such as lactose (17) , fructooligosaccharide (18), raffinose (19, 20) , and stachyose (20) were reported to accelerate intestinal mineral absorption and to increase the number of bifidobacteria. The diets in previous studies on oligosaccharides, however, contained 5 to 10% oilgosaccharide, which were much higher in concentration than the contents of raffinose and stachyose in the SBM and LSBM diets in this experiment (less than 1%). Accordingly, the effect of the SBM and the LSBM powder for increasing the intestinal Ca absorption could be due to the presence of protein and/or peptide in SBM or LSBM powders. It is possible to say that the SBM, the HSBM powder and the LSBM powder contain excellent components for Ca metabolism. During digestion of the high-molecular soybean milk, the high-molecular soybean milk would break up into smaller parts, such as the peptides in the low-molecular-weight soybean milk and other peptides. The low-molecular-weight soybean milk could also break up into smaller peptides. In the body, the soybean milk preparations are probably broken down into the same small segments. Therefore, in this study the results indicate that the SBM, the HSBM, and the LSBM powders are effective dietary sources of protein for improving bone metabolism. In any case, the soybean milk and the soybean milk preparations including the soybean milk peptide are effective for increasing the BMD, the bone strength, and the intestinal Ca absorption; thus, soybean milk and/or the soybean milk products are thought to be excellent dietary sources for the prevention of osteoporosis. The functional mechanism of increasing the BMD and the mechanical bone strength could be due to the acceleration of the intestinal Ca absorption by alimenting the protein and/or the peptides in the soybean milk or the soybean milk preparations. However, it is not clear which peptides or what kind of amino acids order in the soybean milk and the soybean milk preparations affect the bone metabolism. Henceforth, we are going to examine what sort of peptides or other components in the soybean milk influence the intestinal Ca absorption and the bone metabolism.
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